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Abstract
Objective:  To  compare  body  growth,  weight,  and  fecal  moisture  in  recently  weaned  rats  fed
exclusively on  infant  soy  formula  and  soy-based  beverage.
Methods:  Three  similar  groups  were  formed  (n  =  10/group)  consisting  of  weanling  Wistar  rats,Soy  proteins;
Milk  proteins;
Experimental  design
maintained  in  metabolic  cages.  One  group  was  fed  soy  protein-based  beverage,  another  with
soy-based  infant  formula,  and  another  with  cow’s  milk  infant  formula  (control  group).  Water
and diet  were  offered  ad  libitum.  Body  weight  and  length  were  measured.  Stool  was  collected
for three  consecutive  days.
 Please cite this article as: Silva MdL, Speridião PdG, Marciano R, Amâncio OM, de Morais TB, de Morais MB. Effects of soy beverage and
oy-based formula on growth, weight, and fecal moisture: experimental study in rats. J Pediatr (Rio J). 2015;91:306--12.
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Results:  Weight  and  length  were  lower  (p  =  0.001;  p  =  0.001)  in  the  groups  receiving  soy  protein-
based beverage  (73.16  ±  5.74  g;  23.94  ±  1.04  cm)  and  soy-based  formula  (71.11  ±  5.84  g;
24.74 ±  0.60  cm)  in  relation  to  the  group  receiving  cow’s  milk  formula  (84.88  ±  9.75  g;
26.01 ±  0.91  cm).  Fresh  fecal  weight  was  greater  (p  <  0.001)  in  the  soy-based  beverage
(3.44 ±  0.48  g)  than  in  the  soy-based  formula  (0.79  ±  0.20  g)  and  cow’s  milk-based  formula
(0.42 ±  0.17  g).  Fecal  moisture  was  higher  (p  <  0.001)  in  the  group  receiving  soy  protein-based
beverage  (47.28  ±  9.02%)  and  soy-based  formula  (37.21  ±  13.20%)  than  in  the  group  receiving
cow’s milk  formula  (22.71  ±  10.86%).
Conclusion:  The  growth  of  rats  fed  soy  protein-based  beverage  and  soy-based  formula  was
lower than  those  fed  cow’s  milk-based  formula.  The  soy  protein-based  beverage  resulted  in
signiﬁcant  increase  in  fecal  weight  and  moisture.
© 2015  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  All  rights  reserved.
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Efeitos  de  bebida  e  de  fórmula  de  soja  no  crescimento,  peso  e  umidade  fecal:  estudo
experimental  em  ratos
Resumo
Objetivo:  Comparar  o  crescimento  corporal,  o  peso  e  a  umidade  das  fezes  de  ratos  recém-
desmamados  alimentados  exclusivamente  com  fórmula  infantil  de  soja  e  com  bebida  de  extrato
de soja.
Métodos:  Constituíram-se  três  grupos  similares  (n  =  10/grupo)  de  ratos  machos  Wistar  recém-
desmamados,  mantidos  em  gaiolas  metabólicas.  Um  grupo  foi  alimentado  com  bebida  de  extrato
de soja,  outro  com  fórmula  infantil  de  soja  e  o  outro  com  fórmula  infantil  de  leite  de  vaca  (grupo
controle). Água  e  dieta  foram  oferecidas  ad  libitum.  Foram  mensurados  o  peso  e  o  comprimento
corporal. Fezes  foram  coletadas  durante  3  dias  consecutivos.
Resultados:  Peso  e  comprimento  foram  menores  (p  =  0,001;  p  =  0,001)  nos  grupos  com  bebida
de extrato  de  soja  (73,16  ±  5,74  g;  23,94  ±  1,04  cm)  e  fórmula  infantil  de  soja  (71,11  ±  5,84  g;
24,74 ±  0,60  cm)  em  relac¸ão  ao  grupo  de  fórmula  infantil  de  leite  de  vaca  (84,88  ±  9,75  g;
26,01 ±  0,91  cm).  O  peso  fresco  fecal  foi  maior  (p  <  0,001)  na  bebida  de  extrato  de  soja
(3,44 ±  0,48  g)  do  que  com  as  fórmulas  infantis  de  soja  (0,79  ±  0,20  g)  e  de  leite  de
vaca (0,42  ±  0,17  g).  A  umidade  fecal  foi  maior  (p  <  0,001)  na  bebida  de  extrato  de  soja
(47,28 ±  9,02%)  e  fórmula  infantil  de  soja  (37,21  ±  13,20%)  do  que  na  fórmula  infantil  de  leite
de vaca  (22,71  ±  10,86%).
Conclusão:  O  crescimento  de  ratos  alimentados  com  bebida  de  soja  e  fórmula  infantil  de  soja
foi menor  do  que  os  alimentados  com  fórmula  com  proteína  do  leite  de  vaca.  A  bebida  à  base
de extrato  de  soja  proporcionou  aumento  expressivo  do  peso  e  da  umidade  fecal.
© 2015  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Todos  os  direitos
reservados.
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Soy  formulas  are  currently  indicated  for  the  treatment  of
infants  in  the  second  semester  of  life  with  suspected  IgE-
mediated  allergy  to  cow’s  milk.1,2 However,  some  studies  on
pharmacoeconomics  evaluating  the  impact  of  food  allergy
on  the  health  systems  of  many  countries3--6 demonstrated
that  soy  formulas  are  also  used,  in  practice,  in  patients
with  non-IgE-mediated  allergy  to  cow’s  milk.  Although  inad-
equate,  from  the  nutritional  viewpoint,  to  feed  infants,  a
study  performed  in  Brazil7 showed  that  a  signiﬁcant  number
of  health  professionals  considered  that  soy-based  beverages
could  be  used  in  the  alternative  diet  of  infants  allergic  to
cow’s  milk.
Soy-based  formulas  have  been  used  in  infant  nutrition
either  due  to  their  relatively  low  cost  or  their  acceptance  by
infants.8 Despite  the  very  limited  indications,  they  are  used
c
r
a
ry  a  large  number  of  infants  around  the  world,9,10 repre-
enting  one  of  the  most  often-used  alternatives  to  substitute
ow’s  milk-based  infant  formula,  frequently  introduced  at  a
ery  early  age  or  in  the  neonatal  period.  The  composition
f  soy  proteins  is  very  complex,  and  differs  from  cow’s  milk
roteins  used  in  infant  formula.11
The  market  also  offers  other  soy-based  beverages.  These
roducts  should  not  be  called  formula,  but  rather  soy-based
everages,  as  although  some  are  fortiﬁed,  they  do  not  meet
he  legal  standards  for  child  nutrition  related  to  protein
uality  or  levels  of  minerals  and  their  proportions.12
Initially,  their  consumption  in  the  West  was  restricted
ainly  to  people  with  lactose  intolerance  as  a  substitute  for
ow’s  milk,  in  addition  to  vegetarians  and  those  with  food
estrictions.13,14 Currently,  this  product  is  very  well  accepted
nd  widely  consumed,  indicating  that  consumers  have  been
eceptive  and  have  incorporated  it  into  their  eating  habits.15
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Table  1  Nutritional  composition  of  the  diets  offered  during  the  experiment  according  to  the  information  on  each  product  label.
Value/100  mL  of
reconstituted  diet
Soy-based  beverage  Soy-based  infant
formula
Cow’s  milk-based
infant  formula
Energy  (Kcal)a 42.0  74.1  73.7
Carbohydrate  (g)a 4.7  7.5  8.2
Lipids (g)a 1.5  4.0  3.9
Protein (g)a 2.5  2.0  1.5
Sodium (mg)b 64.0 21.0  17.0
Fiber (g)b 0  0  0
a Values declared by manufacturers.
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oValues obtained through chemical analysis.
It  is  noteworthy  that  the  characteristics  of  soy  formu-
as  differ  from  those  of  soy-based  beverages,  commonly  and
rroneously  marketed  as  ‘‘soy  milk,’’  as  the  latter  do  not
eet  the  nutritional  needs  of  infants.16
Considering  the  nutritional  inadequacy  of  soy-based  bev-
rages  in  relation  to  soy  infant  formula  and  that  the  present
aboratory  developed  an  experimental  model  in  rats17 that
llows  measuring  not  only  food  intake  but  also  growth,  as
ell  as  the  elimination  of  stool  and  urine,  this  project  was
lanned.  The  objective  of  the  study  was  to  compare  body
rowth,  weight,  and  feces  moisture  of  weanling  rats  exclu-
ively  fed  soy-based  formula  and  soy-based  beverage.  As
eference,  an  additional  group  fed  standard  formula  with
ow’s  milk  protein  was  used  as  control.
This  experimental  model  was  used  in  order  to  provide
nowledge  and  possible  beneﬁts  for  humans;  however,  it
oes  not  accurately  reﬂect  what  occurs  in  human  beings.
onsidering  the  objective  of  this  project,  it  should  be  noted
hat  it  could  not  be  performed  in  human  infants,  as  it  is  unac-
eptable  to  feed  soy-based  beverage  to  this  age  range.  In
urn,  the  interpretation  of  results  must  take  into  account  the
ifferences  between  the  species;  however,  certain  common
haracteristics  justify  the  use  of  experimental  models  to
ncrease  the  understanding  of  matters  of  interest  to  human
ealth.
ethods
 total  of  30  male  Wistar  rats,  aged  21  days  (the  ﬁrst
ay  of  weaning)  were  used  in  the  study.  Throughout  the
tudy  period  (ten  consecutive  days),  they  received  deionized
ater  through  the  MilliQ  Plus  system  (Millipore  Indústria  e
omércio  Ltda.,  Barueri,  SP,  Brazil)  and  liquid  diet  (infant
ormula  or  soy-protein  based  beverage)  ad  libitum. All
nimals  were  maintained  in  individual  metabolic  cages  (Nal-
ene  Metabolic  Cages  650-0100,  Tecniplast,  Buguggiate,
taly)  under  a  light  cycle  of  12  hours  and  a  temperature  of
3  ±  1 ◦C.  Each  cage  was  ﬁtted  with  two  drinking  fountains
reviously  treated  with  nitric  acid  and  rinsed  in  deionized
ater.
The  study  protocol  was  approved  by  the  Research  Ethicsommittee  of  Universidade  Federal  de  São  Paulo  --  Escola
aulista  de  Medicina  (CEP  0659/10).
Three  groups  were  formed  with  ten  animals  each,  which
tarted  receiving  one  of  the  following  diets:  1)  soy-based
m
(
o
3everage;  2)  soy-based  infant  formula;  3)  cow’s  milk-based
nfant  formula.  The  volumes  consumed  were  measured  and
he  feeding  systems  were  cleaned  at  each  change  of  meal
150  mL/day,  divided  into  three  times  per  day).  Group  3  rep-
esented  the  control  group  and  received  formula  based  on
actose-free  cow’s  milk  protein.
All  diets  were  reconstituted  as  recommended  by  the
anufacturer  and  their  nutritional  composition  is  described
n  Table  1.  Regarding  the  nutritional  content,  the  values
eclared  by  the  manufacturers  on  the  labels  were  consid-
red.  Sodium  and  ﬁber  content  shown  in  the  table  were
btained  by  chemical  analysis  conducted  in  the  Laboratory
f  Food  Science  and  Food  Microbiology  of  Universidade  Fed-
ral  de  São  Paulo  --  Escola  Paulista  de  Medicina,  São  Paulo,
P,  Brazil,  using  standardized  techniques.
The  experiment  was  performed  in  two  phases,  each  with
5  animals.  On  the  ﬁrst  day  of  the  study,  three  similar
roups  were  formed  and  the  animals  were  weighed  and  mea-
ured.  Weight  measurement  was  performed  using  a  digital
G-Libror  L-600  electronic  scale  (CG  Scientiﬁc  Instruments
tda.,  São  Paulo,  SP,  Brazil),  with  a  maximum  capacity  of
00  g  and  0.1  g  sensitivity.  The  length  was  expressed  in
entimeters,  considering  the  measurements  of  body  and
ail.  These  same  procedures  were  repeated  on  the  ﬁfth  and
enth  days  (31  days  of  life  of  the  animals).
Dietary  intake  was  determined  by  the  volume  ingested
uring  the  ten  days  of  the  experiment.  Evaluation  of  the
aily  food  intake  allowed  the  calculation  of  feeding  conver-
ion  efﬁciency,  which  was  expressed  in  two  ways:  weight
ain  in  grams  per  mL  of  food  intake  and  weight  gain  in  grams
er  kilocalorie  of  intake.
On  the  ﬁfth  day  of  the  experiment,  stool  collection  for
ecal  balance  was  performed.  For  this  purpose,  0.1  g of  pink
armine  dye  was  added  to  each  animal’s  diet,  and  during
hree  consecutive  days,  the  stool  eliminated  from  the  time
f  occurrence  of  this  change  in  color  (reddish)  was  collected.
fter  72  hours  of  the  addition  of  pink  carmine,  Evans  blue
ye  was  added  to  the  diet  (Inlab;  São  Luís,  MA,  Brazil,  water-
oluble).  The  collection  was  stopped  when  the  bluish  stool
tarted  to  be  eliminated.
The  stool  collected  during  the  three  days  were  weighed
n  an  analytical  electronic  scale  (Mettler  Toledo  -  AB204-S
odel),  with  a  sensitivity  of  0.0001,  and  stored  in  a  freezer
-20 ◦C).  Subsequently,  the  stool  samples  were  dried  in  an
ven  at  105 ◦C  and,  after  22  hours,  they  were  weighed  at
0-minute  intervals  until  two  consecutive  weighings  were
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Table  2  Food  intake,  weight  gain,  and  feed  efﬁciency  during  the  ten  days  of  the  experiment.
Variables  Soy-based  beverage
(N  =  8)
Soy-based  infant
formula  (N  =  9)
Cow’s  milk-based
infant  formula  (N  =  9)
p
Volume  of  diet  intake  (mL)  609.13  ±  56.61  583.56  ±  58.50  538.67  ±  63.61  0.067
Water consumption  (mL)  22.50  ±  12.35  20.44  ±  13.41  12.33  ±  6.54  0.154
Consumption of  liquid  diet  +  water  (mL)  631.63  ±  55.14a 604.00  ±  64.86ab 551.00  ±  67.15b 0.042
Consumption of  sodium  (mg)  389.84  ±  36.23a 122.55  ±  12.29b 91.57  ±  10.81c <  0.001
Energy intake  (Kcal) 255.83  ±  23.78b 431.83  ±  43.29a 398.61  ±  47.07a <  0.001
Weight gain  (g) 22.34  ±  6.49a 19.58  ±  6.76a 32.36  ±  6.00b <  0.001
Feed efﬁciency  (g/mL) 0.04  ±  0.01a 0.03  ±  0.01a 0.06  ±  0.01b <  0.001
Feed efﬁciency  (g/Kcal) 0.09  ±  0.02a 0.05  ±  0.01b 0.08  ±  0.01a <  0.001
Values expressed as mean and standard deviation, analysis of variance complemented by Tukey’s test.
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aa,b,c Different letters in the same line represent statistically signi
obtained  with  a  difference  of  less  than  1.0  mg.  The  stool
moisture  content  was  calculated  using  the  formula  [(fresh
fecal  weight  -  dry  fecal  weight/fresh  fecal  weight)  x  100].18
At  31  days  of  life  (tenth  day  of  the  experiment),  the  ani-
mals  were  euthanized,  after  being  previously  anesthetized
with  ketamine  and  xylazine,  by  exsanguination  of  the  vena
cava.
Results  were  expressed  as  mean  ±  standard  deviation
when  the  numerical  variables  were  normally  distributed.
Analysis  of  variance  (ANOVA)  was  used  to  compare  the
groups.  When  a  statistically  signiﬁcant  difference  was
observed,  the  analysis  was  complemented  by  Tukey’s  test.
The  Jandel-Sigma  Stat® software  program,  release  3.5  (Sys-
tat  Software  Inc.,  San  Jose,  California,  USA)  was  used  to
perform  the  statistical  tests  and  charts,  with  the  level  of
rejection  of  the  null  hypothesis  set  at  5%.
Results
Before  initiating  the  experimental  diets,  there  was  no
statistically  signiﬁcant  difference  between  the  groups  in
terms  of  weight  and  length,  demonstrating  the  similarity
between  them  (data  not  shown).  The  similarity  remained
after  exclusion  of  four  animals  that  did  not  complete  the
entire  study  period.  Two  animals  were  from  the  group  fed
soy-based  beverage,  one  from  the  group  fed  soy-based  for-
mula,  and  the  other  from  the  group  fed  cow’s  milk-based
formula.
At  the  end  of  the  experiment  (tenth  day)  the  groups  fed
soy-based  beverage  (73.16  ±  5.74  g)  and  soy-based  formula
(71.11  ±  5.84  g)  had  lower  weight  than  the  group  fed  cow’s
milk-based  formula  (84.88  ±  9.75  g),  with  a  statistically  sig-
niﬁcant  difference  (p  =  0.001).  Body  length  at  the  end  of  the
intervention  was  lower  in  the  groups  fed  soy-based  beverage
(24.74  ±  0.60  cm)  and  soy-based  formula  (22.63  ±  0.52  cm)
in  comparison  with  the  group  fed  cow’s  milk-based  formula
(26.01  ±  0.91  cm,  p  =  0.001).
Table  2  shows  that,  regarding  the  volume  consumed,
there  was  no  statistically  signiﬁcant  difference  among  the
three  groups  (p  =  0.067).  Sodium  intake  was  higher  in  the
group  fed  soy-based  beverage.  The  animals  fed  soy-based
formula  consumed  more  sodium  than  the  group  fed  cow’s
e
f
i
b differences in the comparison between groups (p < 0.05).
ilk-based  formula.  Energy  intake  was  lower  in  the  group
ed  soy-based  beverage.
At  the  end  of  the  experiment,  the  animals  from  the
roups  fed  soy-based  beverage  and  soy-based  formula  had
igniﬁcantly  lower  weight  gain  when  compared  to  animals
ed  cow’s  milk-based  formula.  The  feed  efﬁciency  (g/kcal)
f  soy  formula  was  lower  than  the  other  two  groups.  Feed
fﬁciency  (g/mL)  was  highest  in  the  cow’s  milk-based  for-
ula  group.
Fig.  1  shows  fecal  weight  and  fecal  moisture.  The  fecal
eight  of  animals  fed  soy-based  beverage  (3.44  ±  0.48  g)  and
oy-based  formula  (0.79  ±  0.20  g)  were  higher  than  that  in
he  group  fed  cow’s  milk-based  formula  (0.42  ±  0.17  g).  The
ecal  weight  with  soy-based  beverage  was  higher  than  with
oy-based  formula  (p  =  <  0.001).  Regarding  fecal  moisture,
he  groups  fed  soy-based  beverage  (47.28  ±  9.02%)  and  soy-
ased  formula  (37.21  ±  13.20%)  had  higher  moisture  content
n  the  stool  than  the  group  fed  cow’s  milk-based  formula
22.71  ±  10.86%),  with  a  statistically  signiﬁcant  difference
p  <  0.001;  Fig.  1).
iscussion
he  present  study  showed  that  animals  fed  soy  protein  grew
ess  than  those  fed  cow’s  milk-based  formula.  High  sodium
ontent  was  also  found  in  the  soy-based  beverage.  Animals
ed  soy  protein  also  had  higher  fecal  weight  and  moisture,
specially  those  fed  soy-based  beverage.
The  experimental  model  used  allows  for  the  evaluation
f  the  effects  of  a  single  liquid  food,  similarly  to  what  occurs
n  infant  feeding  before  the  introduction  of  complementary
oods.  In  this  study,  the  control  group  was  fed  lactose-free
ow’s  milk-based  formula,  considering  that  previous  stud-
es  showed  that  weanling  rats  fed  formula  with  lactose
ad  a  greater  number  of  loose  stools,  suggesting  lactose
ntolerance.17,19 Thus,  a  product  that  did  not  contain  lac-
ose  was  used  as  reference,  as  with  the  soy-based  beverage
nd  soy-based  formula.
This  is  the  ﬁrst  study  that  compared  a  soy-based  bev-
rage  to  soy-based  formula  and  cow’s  milk-based  formula
or  a  continuous  period  that  was  sufﬁcient  to  allow  for  the
dentiﬁcation  of  differences  in  weight  and  length.  It  should
e  also  noted  that,  throughout  the  experiment,  the  animals
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Figure  1  Fresh  weight  (g)  and  fecal  moisture  (%)  during  the  72-hour  collection  period  beginning  on  the  ﬁfth  day  of  the  experiment.
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statistical analysis:  analysis  of  variance,  complemented  by  Tuke
rom  the  three  groups  did  not  receive  food  other  than  the
iquid  diet.
The  difference  in  the  voluntary  food  intake  of  the  rats
ay  be  attributed  to  the  different  composition  of  the  diets,
robably  the  characteristic  taste  of  soy  extract  and  soy
rotein  or  the  smell  of  the  milk,  thereby  making  it  more
cceptable.
Attention  should  be  paid  to  the  signiﬁcant  difference  in
eight  gain  and  length,  with  lower  values  in  the  groups
eceiving  the  soy-based  beverage  and  soy-based  formula.
his  result  could  be  explained  by  the  nutritional  compo-
ition  of  the  soy-based  beverage,  which  has  lower  energy
ontent  when  compared  to  the  other  two  diets  used.  Other
ifferences  regarding  the  composition  of  the  soy-based  for-
ula  such  as  carbohydrates  (lower  content),  protein  (higher
ontent),  and  amino  acids  (e.g.,  relatively  low  content  of
ethionine,  lysine,  and  proline,  and  higher  content  of  argi-
ine,  cysteine,  glycine,  and  asparagine)  when  compared  to
ow’s  milk-based  formula  could  also  have  contributed  to  this
nding.  Soy-based  formula  contains  anti-nutritional  factors
hat  could  affect  nutrient  availability.11
A  surprising  result  was  that  the  soy-based  beverage,
lthough  it  has  lower  energy  density  when  compared  to  soy-
ased  formula,  resulted  in  similar  growth,  which  could  be
xplained  by  the  higher  feed  efﬁciency  in  terms  of  grams  of
eight  gain  per  kilocalorie  consumed.  This  study  found  no
lear  explanation  in  the  literature  for  this  result,  consider-
ng  the  composition  of  the  two  foods.  It  is  worth  mentioning
hat  although  differences  were  observed  in  growth  among
he  three  groups,  the  animals  in  this  study  showed  weight
ain  and  body  length  similar  to  that  shown  by  rats  of  the
ame  age  fed  a  conventional  diet,  demonstrating  that  the
xperimental  model  did  not  affect  growth  in  the  animals
ed  a  liquid  diet.20
The  higher  sodium  intake  (p  <  0.001)  by  the  rats  that
eceived  the  soy-based  beverage  should  be  attributed  exclu-
ively  to  the  higher  sodium  content  in  this  group’s  diet.
t  should  be  emphasized  that  the  sodium  content  found  in
oy-based  beverages  was  higher  than  that  speciﬁed  in  the
roduct  labeling.  With  regard  to  the  formula,  the  sodium
c
n
t
test.
ontent  was  close  to  the  expected  value.  It  should  be  noted
hat  the  sodium  content  in  the  diet  can  contribute  to  the
evelopment  of  eating  habits  with  a  preference  for  salty
oods,  and  also  is  associated  with  higher  blood  pressure  lev-
ls  in  childhood  and  adulthood.21,22 This  study  demonstrated
hat,  although  there  was  no  statistically  signiﬁcant  differ-
nce,  the  group  fed  soy-based  beverage  consumed  almost
wice  the  amount  of  water  when  compared  to  the  group
ed  cow’s  milk-based  formula.  Similar  results  were  obtained
ith  the  soy-based  formula.  This  fact  may  be  related  to
he  higher  sodium  content  in  the  soy-based  beverage  and
oy-based  formula.
It  must  be  recalled  that  the  soy-based  formula  was  devel-
ped  to  meet  the  nutritional  needs  of  the  full-term  newborn,
nd  several  studies  in  humans  have  shown  that  it  promotes
rowth  and  development  similar  to  those  of  infants  fed  cow’s
ilk-based  formula,  but  it  shows  no  advantage  over  cow’s
ilk-based  nutritional  formulas  and  contains  high  levels  of
hytate,  aluminum,  and  phytoestrogens  (isoﬂavones),  which
an  result  in  undesirable  effects.  Among  the  indications  for
oy-based  formula  use  are  persistent  lactose  intolerance,
alactosemia,  and  ethical  considerations  (e.g.,  vegetarian
iet).8--10 It  is  noteworthy  that  soy-based  formulas  do  not
ave  a  role  in  the  prevention  of  allergic  diseases  and  should
ot  be  used  in  children  with  food  allergy  during  the  ﬁrst  six
onths  of  life.8
In  turn,  based  on  their  composition  and  the  results
bserved  in  this  study,  including  the  sodium  content,  soy-
ased  beverages  should  not  be  used  in  infant  feeding.
owever,  according  to  a  study7 evaluating  the  knowledge
f  pediatricians  and  nutritionists  on  a  diet  excluding  cow’s
ilk  and  dairy  products,  with  emphasis  on  issues  related
o  child  nutrition,  it  was  shown  that  soy-based  beverages
r  juices  were  considered  by  many  professionals  as  possible
ubstitutes  for  cow’s  milk  protein.
The  market  offers  a  number  of  such  low-cost  products,
ompared  to  soy  protein-based  formulas,  which  could  erro-
eously  encourage  their  use  in  the  diet  of  infants  allergic
o  cow’s  milk  proteins,  especially  when  there  is  no  access
o  adequate  alternative  formulas.  In  this  context,  it  should
re  
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be  noted  that  most  of  these  products  are  not  fortiﬁed
and/or  speciﬁcally  formulated  for  the  age  group  of  infants,
which  may  cause  insufﬁcient  intake  of  nutrients,  especially
calcium.23,24
Another  interesting  result  was  the  higher  fecal  weight
and  moisture  observed  in  animals  fed  soy-based  beverage.
As  previously  observed,  it  was  found  that  fecal  weight  and
moisture  depend  on  the  ﬁber  content  in  feed.25 In  this  study,
the  three  groups  were  fed  diets  that,  according  to  infor-
mation  from  the  manufacturer  and  the  results  obtained  in
laboratory  tests,  do  not  contain  dietary  ﬁber.  Thus,  it  was
not  possible  to  identify  what  component  in  the  soy  extract
would  be  responsible  for  higher  fecal  weight  and  moisture.
No  explanation  was  found  in  the  literature  for  this  ﬁnding.
Considering  the  potential  use  of  soy  extract  in  the  preven-
tion  and  treatment  of  constipation,  this  aspect  should  be
investigated  in  further  studies.
Finally,  it  should  be  emphasized  that  there  are  no  pub-
lications  similar  to  this  study  in  the  literature,  which
prevents  direct  comparison  of  results.  Another  limita-
tion  refers  to  the  difﬁculty  in  extrapolating  the  results
obtained  to  humans.  However,  the  importance  of  exper-
imental  models  with  animals,  despite  their  limitations,
cannot  be  disregarded  in  situations  where  experiments
with  humans  are  impermissible  from  an  ethical  stand-
point.
In  summary,  the  present  study  observed  less  body  growth
(weight  and  length)  in  mice  fed  soy  protein-based  bever-
ages  and  soy  protein-based  infant  formula  when  compared
to  cow’s  milk  protein  infant  formula  without  lactose,
results  that  corroborate  the  recommendation  not  to  use
soy  protein-based  beverages  in  infant  feeding.  There  was
also  a  signiﬁcant  increase  in  fecal  weight  and  moisture  in
rats  fed  soy  protein-based  beverages,  when  compared  to
those  fed  soy  protein-based  formula  and  cow’s  milk-based
formula.
Funding
This  study  received  ﬁnancial  support  from  Coordenac¸ão  de
Aperfeic¸oamento  de  Pessoal  de  Nível  Superior  -  CAPES.
CAPES  had  no  role  in  the  study  design,  data  analysis,  or
drafting  of  this  manuscript.
Conﬂicts of interest
The  authors  declare  no  conﬂicts  of  interest.
References
1. Sociedade Brasileira de Pediatria e Associac¸ão Brasileira de
Alergia e Imunopatologia, Alergia alimentar. Rev Med Minas
Gerais. 2008;18:S1--44.
2. Koletzko S, Niggemann B, Arato A, Dias JA, Heuschkel R,
Husby S, et al. Diagnostic approach and management of cow’s-
milk protein allergy in infants and children: ESPGHAN GI
Committee practical guidelines. J Pediatr Gastroenterol Nutr.
2012;55:221--9.
2311
3. Sladkevicius E, Guest JF. Modelling the health economic impact
of managing cow milk allergy in South Africa. J Med Econ.
2010;13:257--72.
4. Guest JF, Nagy E. Modelling the resource implications and bud-
get impact of managing cow milk allergy in Australia. Curr Med
Res Opin. 2009;25:339--49.
5. Guest JF, Valovirta E. Modelling the resource implications and
budget impact of new reimbursement guidelines for the man-
agement of cow milk allergy in Finland. Curr Med Res Opin.
2008;24:1167--77.
6. Sladkevicius E, Nagy E, Lack G, Guest JF. Resource implications
and budget impact of managing cow milk allergy in the UK. J
Med Econ. 2010;13:119--28.
7. Cortez AP, Medeiros LC, Speridião PG, Mattar RH, Neto UF,
Morais MB. Conhecimento de pediatras e nutricionistas sobre
o tratamento da alergia ao leite de vaca no lactente. Rev Paul
Pediatria. 2007;25:106--13.
8. Agostoni C, Axelsson I, Goulet O, Koletzko B, Michaelsen KF,
Punts J, et al. Soy protein infant formulae and follow-on formu-
lae: a commentary by the ESPGHAN Committee on Nutrition. J
Pediatr Gastroenterol Nutr. 2006;42:352--61.
9. Bhatia J, Greer F, American Academy of Pediatrics Commit-
tee on Nutrition. Use of soy protein-based formulas in infant
feeding. Pediatrics. 2008;121:1062--8.
0. Badger TM, Gilchrist JM, Pivik RT, Andres A, Shankar K, Chen JR,
et al. The health implications of soy infant formula. Am J Clin
Nutr. 2009;89:1668S--72S.
1. Lönnerdal B. Nutritional aspects of soy formula. Acta Paediatr
Suppl. 1994;402:105--8.
2. Fenollosa T, Dalmau J. Fórmulas de soja. Acta Pediatr Esp.
2001;59:85--7.
3. FAO. Soymilk and related products. In: FAO Agricultural
Services Bulletin n.97. Technology of production of edi-
ble ﬂours and protein products from soybeans. Rome: FAO;
1992.
4. Rosenthal A, Deliza R, Cabral LC, Farias CA, Domingues AM.
Effect of enzymatic treatment and ﬁltration on sensory charac-
teristics and physical stability of soymilk. Food Control Journal.
2002;14:187--92.
5. Behrens JH, da Silva MA. Atitude do consumidor em relac¸ão
à soja e produtos derivados. Ciênc Tecnol Alim. 2004;24:
431--9.
6. Yonamine GH, Castro AP, Pastorino AC, Jacob CM. Uso de fór-
mulas à base de soja na alergia à proteína do leite de vaca. Rev
Bras Alerg Imunopatol. 2011;34:187--92.
7. Costa ML, Freitas KC, Amâncio OM, Paes AT, da Silva SM, Luz
J, et al. Iron absorption from infant formula and iron-fortiﬁed
cow’s milk: experimental model in weanling rats. J Pediatr (Rio
J). 2009;85:449--54.
8. Marks GE, Moore CE, Kanarocki EL, Oester YT, Kaplan E. Deter-
mination of trace elements in human tissue. I, Cd, Fe, Zn, Mg
and Ca. Appl Spectrosc. 1972;26:523--7.
9. Farjalla LB. Absorc¸ão intestinal do ferro de fórmulas infantis
anti-regurgitac¸ão espessadas com ﬁbra alimentar goma jataí
e amido de milho em ratos recém-desmamados [thesis]. São
Paulo: Universidade Federal de São Paulo; 2011.
0. Lopes LA. Efeitos da restric¸ão de macronutrientes sobre o
crescimento corporal e a histopatologia do sistema nervoso cen-
tral de ratos jovens desnutridos intra-útero [thesis]. São Paulo:
Universidade Federal de São Paulo; 1999.
1. Geleijnse JM, Hofman A, Witteman JC, Hazebroek AA,
Valkenburg HA, Grobbee DE. Long-term effects of neonatal
sodium restriction on blood pressure. Hypertension. 1997;29:
913--7.2. Singhal A, Cole TJ, Lucas A. Early nutrition in preterm infants
and later blood pressure: two cohorts after randomised trials.
Lancet. 2001;357:413--9.
32
212  
3. Medeiros LC, Speridião PG, Sdepanian VL, Fagundes-Neto U,
Morais MB. Ingestão de nutrientes e estado nutricional de
crianc¸as em dieta isenta de leite de vaca e derivados. J Pediatr
(Rio J). 2004;80:363--70.
4. Castro AP, Jacob CM, Corradi GA, Abdalla D, Golc¸alves RF, Rocha
FT, et al. Evoluc¸ão clínica e laboratorial de crianc¸as com alergia
2Silva  ML  et  al.
a leite de vaca e ingestão de bebida à base de soja. Rev Paul
Pediatr. 2005;23:27--34.5. Freitas KC, Motta ME, Amâncio OM, Fagundes-Neto UF, Morais
MB. The effect o soy polysaccharide ﬁber on fecal weight
and humidity in growing rats. J Pediatr (Rio J). 2004;80:
183--8.
